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Description 

This invention relates to a novel process for synthesizing certain dihydro-2,3-benzodiazepine derivatives, and has 
special application to a process for producing these compounds in high enantiomeric purity and yields. It also relates to 
intermediates useful in the process. 

United States patent number 4,835,152 discloses that the compound 1 -(4-aminophenyl)-4-methyl-7,8-methylene- 
dloxy-3,4-dihydro-5H-2,3-benzodiazepine possesses central nervous system effects. 

European patent application publication number EP-A1 -0492485 discloses 2,3-benzodiazepine derivatives and oth- 
er dihydro-2,3-benzodiazepine derivatives also having central nervous system effects, in particular muscle-relaxant and 
anticonvulsive activity. The compounds disclosed in EP-A1 -0492485 are represented by the general formula. 




wherein 

stands for a C-|_6 aliphatic acyl group, optionally substituted by a methoxy, cyano, carboxyl, amino, C-|_4 
alkylamino, di(C-,_4 alkyl)amino, pyrrolidine, phthalimido or phenyl group, or by one or more halogen(s); or is a ben- 
zoyl, cyclopropanecarbonyl, C^_5 alkylcarbamoyi or phenylcarbamoyi group; or R^ is absent when a double bond exists 
between the N(3) and C(4) atoms; 

R^ means hydrogen; or R"" is absent when a double bond exists between the N(3) and C(4) atoms; 

R2 means a C^_3 alkyi group; or 

R"" and R2 together stand for a methylene group and no double bond is present between the N(3) and C(4) atoms; 
R2 means hydrogen or a C^_^ aliphatic acyl group; 

R4 represents hydrogen; a C-,_e aliphatic acyl group optionally substituted by a methoxy, cyano, carboxyl, amino, 
Ci_4 alkylamino, 6\{C^^4, alkyl)amino, pyrrolidino, phthalimido or phenyl group or by one or more halogen(s); as well as 
a benzoyl, palmitoyi, cyclopropanecarbonyl, C-|_5 alkylcarbamoyi or phenylcarbamoyi group; and the dotted lines rep- 
resent valence bonds optionally being present, with the proviso that no double bond exists between the N(3) and C(4) 
atoms when both R^ and R*^ stand for hydrogen. 

International patent application publication number WO 92/1 1 262 also discloses certain dihydro-2,3-benzodiazepine 
derivates having central nervous system effects, in particular antidepressive and/or antiparkinsonian action. The com- 
pounds may be represented by general formula (A) above in which R^ represents hydrogen, R^ represents methyl, R^ 
represents hydrogen or a C-,_4 alkyI group optionally substituted by a carboxyl or C2-S alkoxycarbonyl group, R^ repre- 
sents hydrogen and R"^ represents an aliphatic C-,_g acyl, benzoyl or phenylacetyl group. 

It is now known that the compounds disclosed in US 4,853,152, EP-A1 -0492485 and WO 92/11262 are potent 
antagonists of the AMPA (a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid) class of receptors in the mammalian 
central nervous system. They have potentially widespread applications as neuroprotective agents, particularly as anti- 
convulsants. Thus they may be useful in the treatment of epilepsy, cerebral ischemia, brain and spinal trauma, status 
seizures, Parkinson's disease and amyotrophic lateral sclerosis. 

The dihydro-2,3-benzodiazepines disclosed in US 4,835,152, EP-A1 -0492485 and W092/11262 possess a centre 
of asymmetry at position 4. It is now known that the (R) enantiomers, for example, (R)-7-acetyl-5-(4-amlnophenyl)-8,9-di- 
hydro-8-methyl-7H-1 ,3-dioxolo[4,5-h][2,3]benzodiazepine (also known as (R)-1 -(4-aminophenyl)-3-acetyl-4-me- 
thyl-7,8-methylenedioxy-3,4-dihydro-5H-2,3-benzodiazepine). are more potent than the (S) enantiomers. 

US 4,835,1 52, EP-A1 -0492485 and WO 92/1 1 262 disclose synthetic routes for preparing the dihydro-2,3-benzodi- 
azepines. In these routes, the dihydro-2,3-benzodiazepine ring is formed by selectively reducing a corresponding 
2,3-benzodiazepine compound using an inorganic or organic-inorganic and/or complex metal hydride, such as sodium 
borohydride, followed if desired by separating optically active forms. 
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An elegant, stereoselective synthesis has now been found for preparing the (R) enantiomers of the dihydro-2,3-ben- 
zodiazepines disclosed in US 4,835.152, EP- A 1-0492485, WO 92/11262 and of certain other dihydro-2,3-benzodi- 
azepines. 

The present invention provides a process for the preparation of a compound having the general formula: 




Aryl 
(I) 



wherein R is hydrogen or C^-C^q at^^V'; 

X is hydrogen, CtC-,o alkyi, acyl, aryl, or carboxyl, or a substituted derivative thereof. 
Novel and non-obvious intermediate compounds are formed during this process which further aJlow the efficient 
synthesis of the title compounds. Some of the novel intermediates disclosed include hemiketal and hydrazone com- 
pounds: 




(V) (VI) 




(VIII) 

wherein Z represents a leaving atom or group such as a mesylate. Note that the R and X moieties retain the same 
meanings throughout this specification. 

Accordingly, it is an object of this invention to provide for a novel stereoselective process of forming dihydro-2,3 
benzodiazepine derivatives. 

Another object is to provide for a process of forming dihydro-2,3 benzodiazepine derivatives which is efficient and 
economical, in that high yields and enantiomeric purity are obtained with fewer steps and less waste then previously 
disclosed. 

Another object is to provide for novel intermediate compounds formed during the synthesis of dihydro-2,3-benzo- 
diazepines. 

Other objects will become apparent upon a reading of the following description. 

According to one aspect, the present invention provides a process for preparing a compound having the general 
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formula: 



5 



10 




wherein R is hydrogen or a -C^q alkyi; and 

X IS hydrogen, C-,-Cto alkyi, acyi, aryi, carboxyl or a substituted derivative thereof, or a protecting group, or a 
pharmaceutically acceptable salt thereof, said process comprising cyclising a compound having the general formula 



20 



25 




30 



(VIII) 



wherein 2 represents a leaving atom or group, to afford a compound having the general formula I, whereafter, if desired, 
converting the compound of formula I into another compound of formula I and/or forming a pharmaceutically acceptable 
salt. 

It has been found that compounds of formula (I) can be prepared in high yield and high enantiomeric purity by the 
35 process according to the invention. 

As used herein, the term -C^ q a'ky I" represents a straight or branched alkyi chain having from one to ten carbon 
atoms. Typical straight or branched C-i-C^q ^"^V' Qf'oups include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, r-butyl, n-pentyl, isopentyl, />hexyl, 2-methylpentyl, n-octyl, decylandthe like. The term "C-|-Cio alkyi" includes 
within it the terms "C^-C^ alkyi" and "C^-Cq alkyi". 

The term "aryl" represents an aromatic moiety, such as phenyl, thienyl, furyl, pyridyl, imidazolyl and polynuclear 
aromatic moieties, such as naphthyl, phthalazinyl, quinolyl, fluorenyl, anthracyl and phenanthrenyl. The term "substituted 
aryl" represents an aryl group substituted with one or more moieties chosen from the group consisting of halogen, 
hydroxy, cyano, nitro, C^-Cg alkyi, C-1-C4 alkoxy, carboxy, acetyl, formyl, carboxy methyl, hydroxy methyl, amino, ami- 
nomethyl or trifluoromethyl. Examples of substituted aryl groups include 4-methylphenyl, 2-methylphenyl, 4-methoxy- 
^5 phenyl, 4-(i-propyl)phenyl, 4-cyclopentylphenyl, 4-(f-butyl)phenyl, 4-acetylphenyl, 4-trifluoromethylphenyl, 4-chloroph- 
enyl, 2-bromophenyl, 3-iodophenyl, 6-bromonaphthyl, 3,4-(methylenedioxy)phenyi, indanyl, 1 ,2,3,4 tetrahydronaphthyl, 
and 1 ,2,4,4-tetramethyl-1 ,2,3,4-tetrahydronaphthyl. 

The term "acyl" represents a hydrogen, a C^-Ce alkyi group or a heteroatom (for example nitrogen, as in an amido 
group) attached to a carbonyl group. Typical acyl groups include formyl, acetyl, propionyl, butanyl, valeryl, hexanyl, 
50 carbamoyl, N-methylcarbamoyI and ureyl. 
^Ot^^ei^ "Aryl", used in the formulae throughout the specification, represents an unsubstituted or substituted aryl group. 
{*i^94l\t'^^^l^^^^^^ values for Aryl are p-nitrophenyl, p-aminophenyl and p-(protected amino)phenyl such as p-{C^'Cq al- 
kanoylamino)phenyl, for example p-acetylaminophenyl. Examples of suitable protecting groups may be found in 
McOmie, Protective Groups in Organic Chemistry, Phenum Press, N.Y 1973, and Greene and Wutz, Protecting Groups 
55 In Organic Synthesis, 2d. ed., John Wiley and Sons, N.Y, 1991. 

R preferably represents a C-,-C3 alkyi group, for example methyl. 

Examples of values for X are hydrogen, formyl, acetyl, propionyl and methylcarbamoyl. 

X preferably represents a C^-Cq aliphatic acyl group, optionally substituted by a methoxy, cyano, carboxyl, amino, 
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C1-C4 alkylamino. di{C,-C4 alkyl)amino, pyrrolidino. phthalimicio or phenyl group, or by one or more halogens): or R is 
benzoyl, cyclopropanecarbonyl, C^-Cs alkylcarbamoyi or a phenylcarbamoyi group. 

The leaving atom or group represented by Z may be for example, a halogen atom or an organosulfonyloxy group, 
or may be generated ]n situ from the corresponding compound of formula VIII in which Z represents hydroxy. 

5 Particular values for Z when it represents a halogen atom are chlorine and bromine. 

An organosulfonyloxy group represented by Z may be, for example, or C^-C^ alkanesulfonyloxy group, a trifluor- 
omethanesulfonyloxy group or a phenylsulfonyloxy group in which the phenyl group is unsubstituted or substituted by 
one or two substituents selected independently from C^-C^ alkyi, C1-C4 alkoxy, halogen, nitro and halo 0^-64 alkyl. 
Particular values for Z are methanesulfonyloxy. phenylsulfonyloxy, p-toluenesulfonyloxy and p-nitrophenylsulfonyloxy. 

10 it has been found that a much better yield is obtained by cyclising a compound of formula VIII in which Z is an 

organosulfonyloxy group rather than a compound of formula VIII in which Z is a halogen atom. 

When Z represents a halogen atom or an organosulfonyloxy group, the cyclisation is preferably performed in the 
presence of a base selected from alkali metal hydroxides, for example sodium or potassium hydroxide: alkali metal 
carbonates, for example sodium or potassium carbonates; alkali metal hydrides, for example sodium or potassium hy- 

^5 dride; and alkali metal alkoxides, for example lithium, sodium or potassium t-butoxide. The process is conveniently 
performed at a temperature in the range of from -30* to 100°C, preferably from 0 to 50°C. Suitable solvents include 
alkanols such as methanol or ethanol, and ethers such as tetrahydrofuran. 

A compound of formula Vlll in which Z represents a leaving atom or group may be generated ]n situ , by reacting a 
for example compound of formula Vlll in which Z represents a hydroxyl group with a triarylphosphine in the presence 

20 of an azidodicarboxylate ester. The reaction is analogous to the well known Mitsunobu reaction. Preferably the triaryl- 
phosphine is triphenylphosphine and the azodicarboxylate ester is diethyl azodlcarboxylate. The process is conveniently 
performed at a temperature in the range of from -30 to 100°C, preferably from -10 to 50°C. Suitable solvents include 
ethers such as tetrahydrofuran. It will be appreciated that in this instance, the leaving group represented by Z is a 
triarytphosphonyloxy group such as triphenylphosphonyloxy. 

25 The process according to the invention is of particular interest for preparing compounds of formula (I) in which Aryl 

represents p-aminophenyl. Such compounds are preferably prepared by cyclising a compound of general formula Vlll 
in which Aryl represents p-nitrophenyl p-aminophenyl or p-(protected amino)phenyl, whereafter, if necessary, 

(a) reducing a p-nitrophenyl group to afford a p-aminophenyl group, or 

30 

(b) deprotecting a p-(protected amino)phenyl group to afford a p-aminophenyl group. 

According to a preferred aspect, the present invention provides a process for preparing a compound having the 
general formula I in which R is methyl and X represents hydrogen, formyl, acetyl, propionyl or N-methylcarbamoyI or a 
35 pharmaceuticatly acceptable salt thereof, which comprises cyclising a compound having the general formula Vlll in 
which R is methyl, X is hydrogen, formyl, acetyl, propionyl N-methylcarbamoyI or a protecting group and Aryl is p^ni- 
trophenyl, p-aminophenyl or p-(protected amino)phenyl, whereafter, if necessary; 

(a) reducing a p-nitrophenyl group to afford a p-aminophenyl group; 

40 

(b) deprotecting a p-(protected amino)phenyl group to afford a p-aminophenyl group; 

(c) removing a protecting group represented by X to afford a compound of formula 1 in which X is hydrogen; and/or 

45 (d) acylating a compound of formula 1 in which X is hydrogen to afford a compound of formula 1 in which X is formyl, 

acetyl, propionyl or N-methylcarbamoyI; and, if desired, forming a pharmaceutically acceptable salt. 

The nitro group in a p-nitrophenyl group may be reduced by a method known in the art, for example as described 
in EP-A1 -492485. Thus it may be reduced by reaction with hydrazine or hydrazine hydrate in the presence of Raney 

50 nickel catalyst. Alternatively, it may be reduced by reaction with hydrogen, formic acid, ammonium formate, a trialky- 
iammonium formate such as triethylammonium formate or an alkali metal formate such as sodium formate or potassium 
formate, in the presence of a Group Vlll metal catalyst such as palladium on charcoal. Suitable solvents include alcohols 
such as methanol, ethanol or isopropanol, and ethers such as tetrahydrofuran, or acetone. The reduction may conven- 
iently be performed at a temperature in the range of from -10 to 120'C. 

55 The protecting group in a p-(protected amino)phenyl group may be removed in a conventional way. For example, 

a Ci_6 alkanoyi group may be removed by hydrolysis in the presence of a mineral acid, for example hydrochloric acid. 

Acylation of a compound of formula I in which X is hydrogen to afford a compound of formula I in which X is an acyl 
group, such as formyl. acetyl, propionyl or N-methylcarbomoyI, may be performed as described in EP-A1 -492485. 
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10 



15 



The compounds of formula VIII in which Z represents a hydroxy I group or leaving atom or group are believed to be 
novel, and are provided as a further aspect of the invention. 

The compounds of general formula VIII may be prepared by a multistep process, starting from a methylenedioxy- 
phenyl acetone derivative. 

According to another aspect, therefore, the present invention provides a process for preparing a compound having 
the general formula: 




Aryl 



{i: 



20 wherein R is hydrogen or O^-C^q alkyi: and 

X is hydrogen, C-|-Cio ^'f^y'- acyL aryl, carboxyl, or a substituted derivative thereof; said process comprising the 
steps of: 



25 



30 



a) providing a quantity of a compound having the formula: 




{ID 



35 



40 



b) asymmetrically reducing the compound of formula 11 to yield a compound having the formula: 




(III) 



45 



c) reacting the compound of formula III with an arylaldehyde compound of formula Aryl.CHO to yield an isochroman 
compound having the formula: 



so 



55 




Aryl 



(IV) 



6 



w 
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d) reacting the compound of formula IV with an oxidizing agent to yield a compound of the formula: 




(V) 



OH 



/5 



20 



25 



30 



e) reacting the compound of formula V with a hydrazide derivative of formula H2NNHX to yield a compound of the 
formula: 




Aryl 



M X 



(VI) 



and 



f) reacting the compound of formula VI with a (i) sulfonyl halide reagent and a base, to form an intermediate sulfonate, 
followed by reacting the resultant sulfonate with a strong base; or (ii) by direct Mitsunobu cyclization to yield the 
compound of formula I. 



The novel process of this invention provides a synthesis of fewer steps, higher yields and stereoselectivity, and 

35 generates no heavy metal and very little overail waste. The process includes an early enantioselective reduction step 
at which time the stereochemistry is set to the preferred isomer (in this case the (R) or (-) enantiomer for the final product). 

The preferred process involves the early chiral reduction of a ketone to an alcohol. Substituents are added in a 
multi-step process to close the benzo-fused pyran ring, before a hydrazine reagent is introduced to open the ring and 
add the necessary nitrogen components. Finally, the secondary ring is closed by addition of a strong base and the 

40 compound is reduced to form the desired compound. 

Most preferably, the chiral reduction step is the initial step in the synthesis of the Formula (I) compounds from 
ketones. The chiral reduction may be effected by use of specific chemicals or, preferably, by using biological agents as 
disclosed below. Setting the stereochemistry early in the process is beneficial and allows for the later steps to be carried 
out on relatively enantiomerically pure material. This increases both throughput and enantiomeric purity. 

45 The first step of the process involves a chiral reduction of the starting material (preferably a 3,4-methylenedioxy- 

phenyl acetone derivative) to produce a virtually enantiomerically pure alcohol derivative of 1 ,2-methylenedioxybenzene. 
Preferably, the enantiomer formed is the (S) or (+) stereoisomer of the alcohol. The most preferred starting compound 
is 3,4-methylenedioxyphenyt acetone. 

Alternatively, the initial step may involve the combination of a halo derivative of 1 ,2-methy!enedioxybenzene with 

50 an enantiomerically enriched epoxide. This also results in the production of a highly enantiomerically enriched alcohol 
derivative of 1,2 methylenedioxybenzene. 

The material used to effect the chiral reduction initial step may be either chemical or preferably biological. In the 
case of biological agents, the preferred agents are reducing enzymes, most preferred being yeasts from the Zygosac- 
charomyces group. Other biological agents which may be used include: Pichia fermentans, Endomycopsis fibuligera, 

55 Nematospora coryli, Saccharomyces sp., Candida famata, Saccharomyces pastorianus, Saccharomyces cerevi- 
siae, Saccharomyces uvarum, Candida utilis, Sacoharomyces globosus, Kluyveromyces dobzhansk, Kluyveromy- 
ces tactis, Candida albicans, bakers' yeast, Zygosaccharomyces rouxii, Lactobacillus acidophilus, Aureobasidium 
pullulans, Mortierella isabellina, Rhizopus oryzae, Kloeckeva javanica, Hanseniaspora vatbyensis, Octosporomy- 
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ces octospori, Candida guiiliermondi, Candida parapsilosis, Candida tropicafis, Torulopsis taboadae, Torulopsis 
etfianoiitoierans, Torulopsis ptarmiganii, Torulopsis so norens is, Trigonopsis variabilis, Torulopsis enokii, Torulopsis 
methanothermo, SAP instant yeast, ashland yeast inact., Candida boidinii, Candida blankii and Red Star yeast. 

The desired intermediate formed In the initial step is an alcohol substituted congener of 1 ,2-methylened(Oxybenzene, 
with the most preferred congener consisting of (S)-a-Methyl-l ,3-benzodioxole-5-ethanol. 

The desired intermediate compound formed in the initial step is then subjected to a Pictet-Spengler reaction which 
provides for convergent fusion of the benzodiazepine carbon constituents. The preferred reagent of choice is p-nitroben- 
zaldehyde, although other reagents known to those skilled in the art, such as acetals, may be used. The preferred 
intermediates are dihydrobenzopyrans with the most preferred compound being 7,8- dihydro-7-methyl-5-(4-nitrophenyl) 
-5H-1 ,3-dioxolo-benzo[b]pyran. 

The dihydrobenzopyran congener is then oxidized at the C5 position to yield a hemiketal derivative of the general 
formula: 




(V) 

The preferred oxidizing agents include potassium permanganate, DDQ (2,3-dichloro-5,6-cyano-1 ,4-benzoquinone) 
or others, with the most preferred agent being a sodium hydroxide, dimethyl sulfoxide and air combination. 

The C5-hemiketal is then reacted with a hydrazide derivative of formula HgNNHX in the presence of acid in order 
to form the hydrazone intermediate. In this step, the benzopyran ring Is opened such that the hydrazone component 
becomes attached to the C5 carbon. The most preferred hydrazide is acetic hydrazide and is preferably reacted in a 
refluxing aromatic or protic solvent, with the preferred hydrazone being of the general formula 




H X 

{VI ) 



wherein R is CH3, X is acetyl and Aryl is p-nitrophenyl. 

The hydrazone derivative is converted into the desired benzodiazepine ring via intramolecular alkylation. This is 
accomplished by one of several possible methods. The first method involves the addition of a mixture of a sulfonyl halide 
reagent of formula YS02X^ in which X^ represents a halogen atom such as chlorine and which Y represents an organic 
group such as C^-C^ alkyi, trifluoromethyl, or phenyl in which the phenyl group is unsubstituted or substituted by one 
or two substituents selected Independently from C^-C^ alkyi, C1-C4 alkoxy, halogen, nitro and halo C1-C4 alkyi (for 
example, methanesulfonyl chloride) and a base, such as a tertiary amine (for example, triethylamine) to form a sulfonate 
intermediate of formula 
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( VII ) 

The sulfonate is then converted to the 8,9-dihydro-7H-2,3-ben2odia2epine congener by addition of a strong base, 
nnost preferably an alkali metal hydroxide such as caustic soda, an alkali metal alkoxide such as sodium or potassium 
tert-butoxide, an alkali metal carbonate such as potassium carbonate or an alkali metal hydride such as sodium hydride. 
Optionally, the reaction may be performed in the presence of a phase transfer catalyst, such as tetrabutylammonium 
bromide. 

Alternatively, the compound of formula VI may be converted into a compound of formula VIII in which Z represents 
a halogen atom, for example, a compound of formula VI may be reacted with imidazole, triphenylphosphine and bromine 
to afford a compound of formula VIII in which Z represents a bromine atom. The resultant compound for formula VIII 
may then be cyclised following the same procedure as that used for a compound of formula VIII In which Z represents 
an organosulfonyloxy group. 

Surprisingly it has been found that the cyclisatlon of a compound of formula VIII in which Z represents an organo- 
sulfonyloxy group can be performed in high yield, with remarkably little elimination. However, with a compound of formula 
VIII in which Z is a halogen atom, the yield is substantially lower, due to competing elimination. Accordingly, the use of 
a compound of formula VIII in which Z represents an organosulfonyloxy group (corresponding with a compound of 
formula VII) is preferred. 

Another method involves a Mitsunobu cyclization which is a one-step process to yield the p-nitrophenyl benzodi- 
azepine intermediate. 

When a compound of formula I in which Aryl represents p-aminophenyl is desired, and a compound of formula IV 
in which Aryl represents p-nitrophenyl has been prepared, the nitro group may be reduced at any stage in the process. 
Preferably it is reduced after process step e) or f). 

The nitro group may be reduced by addition of hydrogen gas or a hydrogen source in the presence of a catalyst. 
The preferred hydrogen source is potassium formate, or other formate salt (such as ammonium formate), with the pre- 
ferred catalyst being a combination of palladium metal and activated charcoal. The reduction step is well known to those 
skilled in the art. 

The preferred processes can be summarized by the following schemes to yield the most preferred product. 
Scheme (I) 
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55 In scheme (I), the initial step of the process involves the addition of biological agents, most preferably Zygosaccha- 

romyces rouxii, to reduce the ketone to the desired alcohol. A suitable quantity of an adsorbent resin such as AD-7, 
XAD-7, HP2MGL (cross-linked polymethacrylates from Rohm & Haas), HP20 (polystyrenic), or SP207 (brominated pol- 
ystyrene from Mitsubishi) may be added to the reaction mixture to prevent death of the organism and to adsorb the 
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alcohol as it is formed. 

Other similar resins may also be usecJ. 



SCHEME n 



5 




o 




R 



O 



Br 




10 
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OH 



O 



In scheme (II), the initial step of the process involves reacting an aryl hafide derivative, such as 4-bromo-1,2 (meth- 
ylenedioxy) benzene, with an alkali metal hydrocarbon (sec-butyllithium is preferred) and an enantiomerically pure epox- 
ide. Preferred is (S) - (-)-propylene oxide. Alternatively, an aryl halide may first be converted into a Grignard reagent by 
reaction with magnesium, then reacted with an enantiomerically pure epoxide in the presence of copper(l) iodide as 
catalyst. In both scheme (I) and scheme (II), the objective is to set the stereochemistry of the C8 atom of the benzodi- 
azepine ring as early as possible. Both schemes have been observed to accomplish this objective and have formed 
enantiomerically enriched (ee) alcohols in the 98% purity range. 

The following examples are indicative of the process of this invention. 



Example 1 

Synthesis of (S)-a-methvl-l ,3 benzodioxole-5-ethanol 

1 equiv of 3.4-methylenedioxyphenyl acetone, 0.45 equiv. disodium phosphate, 0.03 equiv. phosphoric acid, 12-5 

25 volumes AD-7 resin and 5.8 volumes of water were mixed together and stirred for 1 5-60 minutes at 20-25''C. 2.27 equiv. 
of glucose were added and Z rouxii PJCC 1 4462 is added in an amount of 1 .5 grams wet cell paste per gram of ketone 
(this is 0.375 grams/gram on a dry basis). This mixture was diluted with water to 25 volumes and then gently stirred at 
33-35°C for 8-16 hours. The mixture was filtered on a 100 mesh (■-'150 micron) stainless steel screen, and the resin 
which was retained by the screen was washed with 25 volumes of water split into 4 separate portions. The product, 

30 which was adsorbed to the resin, was then desorbed from the resin with 25 volumes of acetone. The acetone/product 
solution was then stripped to dryness under vacuum to yield the title intermediate as a yellow, medium viscosity oil. The 
in-situ yield was 97-100%, while the isolated yield was 85-90%. The potency was 80-95% and the EE is 100%. 



Synthesis of (5RS,7S)-7,8 dihvdro-7-methvl-5-(4-nitrophenvl)-5H-1 ,3 dioxolo-f4,5-G]f21 benzopyran 

The above intermediate was dissolved in 4.64 volumes of toluene, filtered over hyflo, and washed with 1 .55 volumes 
of toluene. 1.05 equiv. p-nitro-benzaldehyde and 1.05 equiv. of cone, hydrochloric acid were added, and the mixture 
was heated to 55-65° C and stirred 1 hour. A solvent exchange was then conducted at 250 mmHg, replacing the toluene 
40 with 12.4 volumes of 93% isopropanol/7% water/ The volume during this solvent exchange varies from 11 -14 volumes, 
and the final volume was — 11 volumes. The mixture was cooled to 0-1 0°C and stirred 1 hour. The needle-like product 
crystals were filtered and washed 2 times with 1 .85 vol. isopropanol and dried under vacuum at 50-60'*C. The in-situ 
yield of the title compound was 95+% while the isolated yield was 87-93%. The potency was 99+% and the EE is 100%. 

45 Example 3 

Alternative syntheses of (S)-a-methvl-l ,3 benzodioxole-5-ethanQl 

3.47 grams of 4-bromo-1 ,2(methylenedioxy)benzene were dissolved in 100 mi of tetrahydrofuran at -78'*C, 1 3.9 ml 
ot 1 .3M sec-butyllithium in cyclohexane was then added to consume the aryl halide in less than 30 minutes. 1 .00 grams 

so of (S)-(-)-propylene oxide in 2 ml THF was added by syringe and the solution stirred for 45 minutes. The solution was 
then v/armed to 23°C for 1 6 hours. The reaction mixture was poured into 3M ammonium chloride solution and the product 
isolated by extraction with ethyl acetate. The combined extracts were dried over magnesium sulfate filtered through 
florisil and concentrated by rotary evaporation. The residual oil was purified by silica gel chromatography and eluted 
with a 50:50 mixture of hexane and diethyl ether to yield 1.40 g (45%) of the subtitled intermediate. Pchem: [a]365 

55 +117.2° (c 1.0, CHCI3) TLC = 0.26 (50:50 hexane:ether); IR (CHCI3) 3598, 3012, 2973, 2887, 1490, 1249, 
1041cm-i; ^^C NMR (CDCI3) d 147.75, 146.19, 132.26, 122.27, 109.68, 108.30; mass spectrum, att/z (FD, M+) 180; 
Anal. Calcd. for 0^0^1203^ 66.65; H, 6.71. Found: C, 66.42; H, 6.66. 
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ExampI 4 

Alternative Synthesis of (5RS,7S)-7,8-dihvdro-7-nnethvl-5-{4-nitrophenvl)-5H-1 ,3-dioxolo-F4,5-G] [2]benzopvran 

244 grams of p-nitrobenzaldehyde was added to a solution of 300 grams of the intermediate formed in the biocat- 
alyzed reduction step of Example 1 in 4.45 L of toluene. 1 66. 5 mL of concentrated hydrochloric acid was added dropwise 
over 15-20 min and the resulting mixture was heated to 60° C for 2.5 h. The mixture was cooled to room temperature 
and concentrated by rotary evaporation. 3 L of ethano! was added and the mixture was concentrated to a solid. A second 
3 L portion of ethano! was added and the mixture was stirred for 1 h. The slurry was cooled overnight and the crystalline 
product was isolated by vacuum filtration. The filter cake was washed with ethanol and then dried in a vacuum oven at 
40-60°C to yield 450 g (86%) of an off-white solid which was determined to be an isomeric mixture of the above subtitled 
optically active intermediate. P chem: [a]365 + 55°(c0.4, CHCI3). 

Example 5 

Synthesis of (5RS JS)-7,8-dihvdro-7-methvl-5-f4-nitrophenvl)-5H-1 ,3-dioxolo[4,5-G1 f21benzopvran-5-o1 

350 grams of the isomeric intermediate from Example 4 was added to a solution of 731 mL of dimethylsulfoxide 
and 2923 mL of dimethylformamide. The mixture was cooled to 8-12° C and compressed air was passed through the 
mixture. 117.5 mL of 50% aqueous sodium hydroxide was added in one portion and the resulting mixture was stirred 
for 4.5 h. The reaction mixture was added by cannula over 30-60 min to 8.25 L of a stirred IN hydrochloric acid solution 
at 1 0-1 5° C. The resulting precipitate was filtered and washed with 3 L of water then air dried to a constant weight (384 
g). The wet cake was carried into Example 6 without further drying. P chem: Data recorded from a 3:1 isomeric mixture. 
TLC R;.= 0.19 (75:25 hexane:ethyl acetate); IR (CHCI3) 3605, 3590, 3015, 3000, 2960, 2910, 1608, 1522, 1484, 1352, 
1240, 1042cm- iH NMR (CDCI3, 300 MHz) 5 (major isomer) 8.16 (d, 2H, J=6.9 Hz), 7.73 (d, 2H, J^6.9 Hz), 6.55 (s, 
IN), 6.38 (s, 1H), 5.86 (s, 1H), 5.83 (s, 1H), 4.38 (M, 1H), 2.70 (m, 2H), 1.39 (d, 3H, J=6.3 Hz); d (minor'isomer) 8.27 
(d, 2H, J=8.9 Hz), 7.90 (d, 2H, J=8.6 Hz), 6.87 (s, 1 H), 6.73 (s, 1 H), 6.03 (s, 1 H), 6.02 (s, 1 H), 3.95 (m, 1 H). 2.7 (obscured, 
m, 2H), 1.24 (d, 3H, J=6.1 Hz); mass spectrum, m/z (FD, M+) 329; Anal. Calcd. for CiyHTsNOg: C, 62.01; H, 4.59; N, 
4.25. found C, 62.22, H, 4.79; N, 4.29. 

Example 6 

Synthesis of fS)-acetic acid-fr6-(2-hydroxvpropvl)-1 ,3-benzodioxol-5-vl](4-nitrophenvl)methylene1hydrazide 

To 350 g of the wet cake from Example 5 in 2300 mL ethanol was added 94.5 g of acetic hydrazide and 1 mL of 
concentrated hydrochloric acid. The resulting solution was heated to reflux for 2.5 h. The mixture was cooled to room 
temperature and concentrated to a yellow foam by rotary evaporation. The concentrate was dissolved in 4.9 L of ethyl 
acetate and washed with 1 .5 L of saturated sodium bicarbonate then 1 .5 L of brine. The organic phase was dried over 
sodium sulfate, filtered and concentrated to give 373 g of a yellow foam (91%). The material was identified as a 1:1 
inseparable mixture of isomers of the subtitled compound (97% pure by HPLC). P chem: Data recorded from a 1:1 
isomeric mixture, mp 167.8-169.7° C; TLC Ry.= 0.55 (ethyl acetate); IR (CHCI3) 3590, 3485, 3310, 1694, 1673, 1520, 
1485, 1346cm- "•; ""H NMR (CDCI3, 300 MHz) $8.64, 8.50 (s, 1H, NH), 8.18 (d, 2H, Ar-H), 7.74, 7.71 (d, 2H, J=8, Ar-H), 
6.99, 6.95 (s, 1 H, Ar-H), 6.52, 6.50 (s, 1 H, Ar-H), 6.06, 6.05 (d, 2H, J=5, O2CH2), 2.44 (s, 3H, CH3), 3.87 (m, 1 H, CH), 
2.4-2.2 (m, 2H, CHg), 1.12, 1.10 (d, 3H, CH3); i^C NMR (CDCI3, 75 MHz) d 209.94 (C), 173.38, 173.43 (C), 149.38, 
149.62 (C), 148.31, 148.58 (C), 147.90, 148.18 (C), 147.54 (C), 142.5, 143.04 (C), 132.64 (C), 127.53, 127.61 (CH), 
123.75, 123.77 (CH), 122.86, 123.27(C), 112.13(CH), 110.55 (CH), 108.03, 108.10 (CH), 108.03, 108.10 (CH), 101.83 
(CH2), 67.51 , 68.08 (CH), 42. 37, 42.97 (CH2), 23.48, 23.83 (CH3), 23.48, 23.83 (CH3), 20.47; 20.55 (CH3); [alggg +1 03.8' 
(c 1, CHCI3); mass spectrum, m/z (FD, M+) 385; Anal. Calcd. for CigHigNgOe: C, 59.22; H, 4.97: N, 10.90. Found: C, 
58-99; H, 5.04; N, 10.68. 

Example 7 

Synthesis of (S)-acetic acidfr6-[2-r(methvlsufonyl)oxv]propvl]-1 ,3-benzodioxol-5-vll f4-nitrophenvl)methvlene1hv- 
drazide 

340 grams of the Example 6 intermediate was dissolved in 2380 mL of methylene chloride. The solution was cooled 
to 0° to -10° C and 187 mL of triethylamine was added. 78.2 mL of methanesulfonyl chloride was then added and the 
resulting mixture was stirred for 15-30 min. 510 mL of water was added. The isolated organic phase was washed with 
460 mL of a IN hydrochloric acid solution and then 500 mL of brine. The methylene choride solution was warmed to 
35-45° C and 4760 mL of hexane was added over 90 min. The mixture was slowly cooled to room temperature and then 
cooled further to 0-5° C. The product was isolated by vacuum filtration and dried in a vacuum oven at 40-50° C to give 
356.2 grams (87%) of an isomeric mixture of the subtitled compound as a yellow solid. P chem: Data Recorded from a 
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3:1 isomeric mixture, mp 150.5-152.5=* C; TLC R/^ 0.80 and 0.73 (ethyl acetate); IR (CHCI3) 1696, 1520, 1486, 1346, 
1175, 1041, 923 cm-1; NMR (CDCIs, 300 MHz) 5 8.44 (s, 1H, NH). 8.20 (d, 2K J^8.8 Hz, Ar-H). 7.73 (d, 2H. J:r8.6 
Hz), 6.94 (d, 1 H, J=2.7 Hz, Ar-H), 6.57 (d, 1 H. 2.6 Hz, Ar-H) 6.08 (d. 2H, J=5.4 Hz). 4.77 (m, 1 H, CH), 2.90 (s, 3H, SCH3. 
major). 2.83 (s, 3H, SCH3. minor). 2.66-2.57 (m. 2H, CHg), 1.30 (d. 3H, CH3. minor). 1.26 (d, 3H, CH3, major); mass 
5 spectrum, m/z (FD. M+) 385: Anal. Calcd. for C2oH2^N30eS: C, 51.83: H. 4.57; N, 9.07; S, 6.92. Found: C, 52.05; H, 
4.53; N. 8.84; S, 6.96. 

Example 8 

'0 Synthesis of fR)-7-acetvi-8.9-d}hvdro-e-methvl-5-(4-nitrophenvl)-7H-1 ,3-dioxolor4,5-h1[2,3|benzodiazepine 

325 g of the Example 7 intermediate was dissolved in 3174 mL methanol. To the stirred solution was added 38.1 
mL of 50% caustic soda solution. The resulting mixture was stirred for 4 h. 6348 mL of water was added to the mixture 
and the contents were stirred for 3 h after which period the resulting precipitate was isolated by vacuum filtration. The 
material was dried in a vacuum oven at 45-55* C to give 255 grams (97%) of the subtitled compound which was 97.6% 

^5 pure by HPLC area %. 221 grams of the dried material was further purified by reslurry in 1 105 mL of ethanol which was 
heated to reflux. The resulting mixture was cooled to room temperature and the precipitate was isolated by vacuum 
filtration. The isolate was dried in a vacuum oven at 45-55° C to give 1 99 grams (90%) of the subtitled compound which 
was 100% pure by HPLC potency assay. 

20 Example 9 

Synthesis of (R)-7-acetvl-5-(4-aminophenvl)-8.9-dihvdro-8-methvl-7H-1 ,3-dioxolo|4.5h]f2.3|benzodiazeplne 

To 5 grams of the Example 8 Intermediate in 50 mL of ethanol was added 0.5 grams of 10% Pd/C wetted with water. 
The agitated slurry was treated with a solution of 4 grams of potassium formate in 4 mL of water. The resulting mixture 
25 was stirred for 2.5 h and then filtered over Hyflo. The filtrate was concentrated to 10-20 mL by distillation and 22 mL of 
water was slowly added to the warm (78°) solution. The resulting mixture was heated to 90° C and then slowly cooled 
to room temperature. The product was isolated by vacuum filtration and washed with 10-20 mL of water. The isolated 
solid was dried under vacuum at 50° C to give 4.17 grams (93%) of the subtitled final compound which was 100% pure 
by HPLC potency assay. [a]365=-303.7(c=1, methanol) 



30 



Example 10 



Synthesis of (5RS, 7S)-7.8-dihvdro-7-methvl-5-f4-nitrophenyn-5H-1 ,3-dioxolof4.5-G1[2]benzopvran-5-ol 

15 grams of the Example 4 intermediate (derived from the Z. rouxii-mediated ketone reduction) was dissolved in a 

35 solution of 75 mL of dimethylsulfoxide and 75 mL of dimethylformamide. The solution was cooled to 7-9° C and then 
aereated with 40% oxygen in nitrogen. 7.62 grams of 50% sodium hydroxide in water was added and the resulting 
mixture was stirred for 3-4 h. The reation was terminated and while maintaining the temperature ^12° C, 120 mL of 
toluene was added followed by a mixture of 45 mL of water and 10 mL hydrochloric acid. The phases were separated 
and the organic layer was washed with 75 mL of a 1 0% aqueous sodium thiosulfate solution. The organic layer containing 

40 the subtitled intermediate was carried into the next step. 

Example 11 

Synthesis of (S)-acetic acid-f[6-(2-hydroxypropyl)-1 ,3-benzodioxol-5-yl1 (4-nitrophenyt)methvlenelhvdrazide 
45 To the toluene solution of the Example 10 intermediate was added 4.26 grams acetic hydrazide and (0.01 volumes) 

hydrochloric acid. The resulting mixture was heated to reflux for 3.5 h with removal of water by a Dean-Stark trap. The 
reaction mixture was concentrated by vacuum distillation to 1 volume. The concentrate was diluted with 105 mL of 
methylene chloride and washed with 50-55 mL each of saturated sodium bicarbonate solution and brine. The organic 
solution was dried over magnesium sulfate (0.25 wrt. %) and filtered over a hyflo cake. The filter was rinsed with 1 volume 
50 of methylene chloride. The combined organic phase containing the subtitled intermediate was carried into the next step. 

Example 12 

Synthesis of (S)-acetic acid|f6-|2-|(methylsufonyl)oxvlpropvlM ,3-benzodioxol-5-vn(4-nitrophenvl)methylene]hv- 
55 drazide 

The methylene chloride solution containing the Example 11 intermediate was cooled to 0 to -5°C and 10 mL of 
triethylamine was added. 4. 1 mL of methanesulfonyl chloride was added slowly to maintain a reaction temperature ^0° 
C. 1 .5 volumes of water was added to the resulting solution. The organic phase was separated and washed with 2.5 
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volumes of 1 N hydrochloric acid solution. The organic phase was isolated and concentrated to half the original volume 
by atmospheric distillation. The product was precipitated by the dropwise addition of heptane (2:1 volume heptane to 
organic concentrate) to the solution at 45° C. The stirred mixture was cooled to 20-25° C for 1 h, then cooled to 0 to -5° 
C for 1-2 h. The precipitate was isolated by vacuum filtration and washed with 3 volumes of 4:1 heptane: methylene 
5 chloride then dried in a vacuum oven at 45-50° C. 17.43 grams of the subtitled intermediate (78%) was obtained as an 
optically active mixture of hydrazone isomers which was 97.7% pure by HPLC potency assay. 

Example 13 

?o Synthesis of (R)-7-acetvl-8,9-dihvdro-8-methvl-5-(4-nitrophenvn-7H-1 ,3-dioxolo[4,5-H1 [2.31benzodia2epine 

17.5 grams of the Example 12 intermediate was suspended in 175 mL ethyl alcohol. To the stirred mixture was 
added 1 .7 grams of powdered sodium hydroxide. The resulting mixture was stirred for 1 h. 88 mL of water was added 
to the mixture and the contents were stirred for 1 h after which period the resulting precipitate was isolated by vacuum 
filtration and washed with 1 75 mL of water. The material was dried in a vacuum oven at 70°C to give 1 2.2 grams (86%) 

IS of the subtitled compound which was 99.9% pure by HPLC potency assay. 

Example 14 

Synthesis of (R)-7-acetvl-5- (4-aminophenvl)-8,9-dihvdro-8-methvl-7H-T3-dioxoloF4,5-h][2,3]ben2odia2epine 
20 Using the product of Example 1 3, the title compound was prepared by an experimental procedure the same as that 

described in Example 9. 

Example 15 

25 (R)-7-Acetvl-8.9-dihvdro-8-methvl-5-(4-nitrophenvl) -7H-1 .3-dioxolo[4,5-h] F2,3]benzodiazepine 

1.05 grams (S)-Acetic acid [[6-[2-[hydroxy]propyl]-1 ,3-benzodioxol-5-yl] (4-nitrophenyl)methylene]hydrazide and 
0.78 grams triphenylphosphine in 70 mL tetrahydrofuran were cooled to 0°C. 0.57 grams diethyl azodicarboxylate in 5 
mL tetrahydro-furan was added dropwise over 15 min. The resulting mixture was stirred for 2 h then warmed to room 
temperature for 2 h. The mixture was transferred to a separatory funnel and the solution was washed with 1 N HCL water 

30 and brine. The organic phase was dried over magnesium sulfate, filtered and concentrated by rotary evaporation. The 
residue was eluted through a silica gel column (1:1 ethyl acetate:hexane). Fractions containing the desired compound 
were concentrated to a yellow oil which solidified on standing. The yellow crystalline material was slurried in 30 mL of 
CH2CI2 and hexane (3:7) at 0°C. The precipitate was removed by filtration and the filtrate was concentrated to a yellow 
foam. The residue was suspended in 10 mL ethanol which was warmed to reflux then slowly cooled to room temperature. 

55 The precipitate was collected by filtration and dried in a vacuum oven at 60°C to give 0.51 grams (50%) of the subtitled 
product (100% ee) which was 98.3% pure by HPLC potency assay. 

Example 16-18 

40 0.5 ml of frozen yeast suspension containing the microorganism of Table 1 was added to 50 ml of a yeast-malt 

medium in a 250 ml flask. After 48 hours of shaking, 1 .0 ml of culture is added to an additional 50 ml of medium and 
shaken for 48 more hours. 3,4-methylenedioxyphenyl acetone is added until the final concentration is 10 grams/liter 
along with 1 ml of 1 0% glucose. The cultures are incubated and shaken for 24 hours, then analyzed by HPLC for presence 
of the chiral alcohol intermediate of Example 1 . 

45 



TABLE 1 



Ex. # 


Micro-organism 




Source 


% Conversion 


%EE 


16 


Candida famata 


(C.f.) 


A.TC.C. 26418 


0.0 




17 


Zygosaccharomyces rouxii 


(Z.r.) 


A.TC.C. 14462 


77.8 


99.5 


18 


Mortierrefa isobeilina 


(M.i.) 


N.R.R.L. 1557 


1.7 


94.3 



Example 19 

Synthesis of (S)-acetic acid [[6-f2-fmethvlsulfonvl)oxv]propvl-1 .3-benzodioxol-5-vl] (4-aminophenvl)methvlene]hv- 
drazide 

To a suspension of the Example 7 intermediate (5.00 g) in 100 mL /sopropyl alcohol was added 10% Pd/C (1 g) 
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followed by potassium formate (3.7 g) dissolved in 8 mL water A second portion of potassium formate (3.7 g) was added 
after 1 .5 h which was followed by addition of 10% Pd/C (1 g). The starting material was consumed within 30 min. The 
mixture was filtered through a pad of diatomaceous earth and concentrated. The residue was dissolved in methylene 
chloride and washed with water and brine. The organic solution was dried over Na2S04, filtered and concentrated. The 

5 title compound (4.52 g) was isolated as a light yellow solid in 97% yield as a 1:1.3 isomeric mixture. 

Data Recorded from a 1:1.3 isomeric mixture. TLC 0.83 (acetonitrile) ; IR (CHCI3) 3010, 1670, 1628, 1332, 
1174. 1041, 922 cm-i; NMR ( CDCI3, 300 MHz) d 8.18 (d, 2H, J=9.2). 7.39 (d, 2H, J=11.4). 7.38 (d, 2H, J=10), 6.91 
(s, IH), 6.89 (s. IH), 6.62 (d, 2H, J=8.5), 6.61 (d, 2H. J=8.1), 6.57 (s, 1H). 6.56 (s, IH), 6.06 (m, 4H) , 4.71 (sext.. 2H, 
J=7), 3.9 (br s, 4H). 2.86 (s, 3H). 2.78 (s, 3H), 2.74-2.49 (m. 4H) , 1 .29 (d, 3H, J=10.8). 1 .25 (d, 3H, 10.8); mass spectrum, 

10 m/z (Fa M^) 433: UV max (ethanol) 326 nm (e 20767), 231 (17587), 205 (42765). 

Example 20 

Synthesis of (R)-7-acetvl-5-f4-aminothenvl)-8,9-dihvdro-8-methvl-7H-1 .3-dioxotoF4,5-hU2,3|benzodiazepine 
'5 To a solution of the Example 1 9 intermediate 0.51 g in 6 mL THF was added a single portion of lithium tert-butoxide 

(0.17 g). The solution was stirred at ambient temperature for 2 h, then warmed to 40 - 50 "C for 4 h. The reaction was 
quenched by addition of 10 mL of 3fv/l ammonium chloride. The resulting mixture was diluted with 15 mL ether and 
washed with 15 mL each of water and brine. The organic solution was dried over Na2S04, filtered and concentrated. 
The residue was dissolved in 5 - 10 mL of warm methylene chloride and the product precipitated by addition of 10-20 
^0 mL of ether. The product was isolated by filtration, redissolved in ethyl alcohol and concentrated. The title compound 
(0.23 g) was isolated in 58% yield and 100% ee (HPLC chiral assay). 

Example 21 

2S Methyl Semicarbazide 

Into 200 mL of ethanol, cooled to 2.5 ''C under a nitrogen blanket, was dissolved 1 7 mL (350.4 mmol) of hydrazine 
monohydrate. To this cold, stirring solution was added dropwise over 2 h a solution of 10.3 mL (174.6 mmol) of meth- 
ylisocyanate in 150 mL of toluene maintaining the internal temperature < 6 °C. The clear, colorless solution was stirred 
for 30 min. at 5 - 10 °C then evaporated and dried under vacuum to afford 15.19 g of white solids. The solids were stirred 

30 in 40 mL of toluene and heated to reflux to provide a cloudy solution. After slowly cooling to room temperature and 
stirring for 2 h, the suspension was filtered through coarse glass. The solids were washed with hexanes and dried under 
vacuum at 50 °C to provide 13.39 g (86.4%) of the title compound as a white crystalline solid, mp =116 MS (FD+) 
= 89. IR:3362, 3303, 1630, 1561 cm-i. NMR (DMSO): 6 2.57 (d, 3, J = 4), 4.06 (br. s, 2), 6.27 (br s, 1), 6.94 (br. s, 
1). 13C NMR (DMSO): 5 160.87, 25.89. ' 

35 z 

Example 22 

Synthesis of (S)-2-ff6-(2-hvdrQxvpropvl)-1 .3-benzodioxol-5-vl] (4-nitrophenvl)methvlene]-N-methvlhvdrazine car- 
boxamide 

40 I n a nitrogen blanketed flask was dissolved 5. 1 7g ( 1 5.70 mmol) of the intermediate of Example 5 in 30 mL of ethanol. 

To this stirring solution was added 1.75g (19.7 mmol) of methyl semicarbazide. The mixture was heated to reflux to 
dissolve the solids and then 5 drops of cone. HCl was added. Over 1 h at reflux, yellow solids precipitated out of solution. 
After 1 h, HPLC analysis indicated complete reaction, 38.2% and 55.4% of 2 product isomers and no remaining starting 
material. The yellow slurry was slowly cooled to ambient temperature to stir for Ih and then stirred for 30 min. in an ice 

45 water bath. The mixture was filtered through coarse glass. The solids were washed with ethanol and dried under vacuum 
at 50 *C to afford 5.08g (81 .2%) of the title compound as a yellow solid, mp = 238 °C. HPLC assay indicated two isomers, 
46.2% + 53.1%. MS (FD+) = 400. IR: 1692, 1345 cm-^. ^H NMR (DMSO): 6 0.90 (t, 3, J = 6); 2.22 (m, 2); 2.72 (d, 3, J 
= 5); 3.63 (m, 1); 4.42 (d, 1/2, J 6); 4.58 (d, 1/2, J = 6); 6.10 (s,2); 6.69 (d, 1, J = 8); 7.05 (d, 1, J = 10); 7.32 (br. t, 1, J 
= 4); 7.85 (d, 2, J = 9); 8.18 (d, 2, J = 9); 8.62 (d, 1. J = 8). ^^C NMR (DMSO) : 5 24.27, 24.51, 27.18, 43.30, 43.73, 

so 67.09. 67.47, 102.45, 108.95, 109.19, 111.50, 111.54. 112.41, 112.45, 124.40, 124.48, 124.69, 128.35, 133.47, 133.69, 
144.55, 144.61, 144.68, 144.79, 147.71, 147.76, 148.06. 149.39. 149.54, 156.11, 156.23. Anal. Calcdfor: C19H20N4O6: 
C, 57.00; H, 5.03; N. 13.99; Found: C, 57.72; H, 5.01; N, 13.99. 

Example 23 

55 

Synthesis of (S)-N-methvl-2-f[6-f2-[(methvlsulfonvl(oxv]propvn-l .3-benzodioxol-5-vl1 (4-nitrophenvl)methvlene] 
hydrazine carboxamide 

In a nitrogen blanketed flask was slurried 2.00 g (5.00 mmol) of the Example 22 intermediate in 1 20 mL of dry THF. 



15 



EP 0 699 677 A1 



The mixture was heated slightly to dissolve the solids then slowly cooled back to ambient temperature without precipi- 
tation. To the yellow solution was added 1.1 mL (7.89 mmol) of triethylamine. The solution was then cooled in an ice 
water/ NaCI bath and 500 [xL (6.34 mmol) of methanesulfonyl choride was added. After 30 min, HPLC showed complete 
reaction, 99.0% mesylate. The reaction was quenched with 50 mL of water and transferred to a separatory funnel with 

5 100 mL of ethyl acetate. The organic layer was washed with IN HCI (50 mL) and brine (50 mL) then dried (Na2S04). 
The solvent was evaporated to afford 2.56 g of crude title compound as a yellow solid/ foam. The crude title compound 
was dissolved in 12 mL of CH2CI2 and the solution was heated to reflux. To the solution was added 6 mL of hexanes 
dropwise inducing precipitation of yellow solids. The mixture was slowly cooled to ambient temperature while stirring. 
After 1 h at ambient temperature, the mixture was filtered through coarse glass and the solids washed with hexanes. 

10 After drying at 50 °C and 30" Hg, the title compound was collected as 2.19 g (91.6%) of yellow crystals, mp = 164 °C. 
MS (FD) ^ 478. IR: 1696, 1346 cm-^ ""H NMR (DMSO): 5 1.12 & 1.19 (d, 3, J = 6): 2.52 (m, 2); 2.73 (d, 3, J = 3); 2.98 
& 3.03 (s, 3); 4.76 & 4.84 (q, 1, J ^ 6, 12); 6.13 (s, 2); 6.74 & 6.78 (s, 1); 7.16 & 7.20 (s, 1); 7.33 (br t, 1, J = 5); 7.86 (d, 
2, J 9); 8.18 & 8.22 (d, 2. J ^ 9); 8.76 (s, 1). ""^C NMR (DMSO) 6 21.35, 21.47, 27.09, 38.55, 79.50, 79.91, 102.56, 
109.34, 109.46, 111.34, 111.37, 111.72, 111.74, 124.37, 124.42, 124,86, 128.26, 128.36, 1 30.01 , 1 30.1 4, 143.74, 143.81, 

1S 144.22, 144.32, 147.93, 147.98, 148.19, 148.25, 149.65, 155.97. Anal. Calcd for: C20H22N4O8S: C, 50.21; H, 4.63; N, 
11.71: Found: C, 50.46; H, 4.71; N, 11.65. 

Example 24 

20 Synthesis of (R)-7-N-methvlcarbamovl-8,9-dihvdro-8-methvl-5-{4-nitrophenvl)-7H-1 ,3-dioxolo[4,5-h][2,3]benzodi- 
azepine 

In a nitrogen blanketed flask was slurried 1.50 g of the Example 23 intermediate in 40 mL of dry THF The stirring, 
yellow mixture was cooled in an acetone/ ice bath and 276 mg (3.45 mmol) of lithium f-butoxide was added. After stirring 
for 1h, HPLC analysis of the cloudy, orange/ red mixture indicated 96.5% of the desired compound and only 3.1% 
25 remaining starting material. After 90 min. the reaction was quenched with 5 mL of saturated aqueous NH4CI and the 
mixture was transferred to a separatory funnel with 5 mL H2O and 60 mL of CH2CI2. The yellow organic layer was 
washed with 20 mL of 1 N HCI, saturated aqueous NaHCOg, and brine then dried over Na2S04. The solvent was removed 
by evaporation to afford 1.29 g of crude title compound as a yellow solid/ foam. MS (FD+) = 382.2; Anal. Calcd for 
^19^18^405: C, 59.68; H, 4.74; N, 14.65; Found: C, 60.00; H, 5.13; N, 13.75. 

30 

Example 25 

Synthesis of (R)-5-f4-aminophenvl)-8,9-dihvdro-8-methvl-7-N-methvlcarbamovl-7H-1 ,3-dioxolo[4,5-h] f2,3]benzo- 
diazepine 

35 In a nitrogen blanketed flask was dissolved 902 mg (2.36 mmol) of the Example 24 intermediate in 9 mL of ethanol. 

To this solution was added 90 mg of 10% Pd/C followed by a solution of 690 mg (8.20 mmol) of potassium formate in 
0.7 mL of water. The formate solution was added via pipette over about 30 seconds and initiated an exotherm which 
reached 53 °C after 2 - 3 min. After 1 5 min. HPLC analysis of an aliquot of the reaction mixture indicated only the desired 
product. The black reaction mixture was filtered through an ethanol wetted pad of celite over microfibre paper and the 

40 filter was washed with copious ethanol. The filtrate was evaporated to afford 953 mg of crude title compound as light, 
yellow solids. After attempted recrystallization from aqueous ethanol, the materia! was partitioned between water and 
ethyl acetate. The organic layer was washed with brine and dried over Na2S04. The solvent was evaporated and ethanol 
stripped from the product several times to afford 647 mg (97%) of the title compound as a light tan to yellow solid, mp 
= 142.4 '^C Chiral HPLC assay determined 99.50% ee. 

45 

Example 26 

Synthesis of (S)-acetic acid [[6-(2-bromopropvl)-1 .3-benzodioxol-5-yl] (4-nitrophenyl)methylene]hydrazide 

1.0 g (2.59 mmol) of the Example 6 intermediate, 0.265 g (3.89 mmol) of imidazole, and 0.849 g (3.24 mmol) of 

50 triphenylphosphine were combined in 1 0 mL of CHgClg at ambient temperature producing a golden yellow solution which 
was cooled to O'^C in an ice water bath. After cooling to O^C, 0.41 4 g (2.59 mmol) of bromine was added. The resulting 
solution was stirred for 90 min at 0°C during which time it was observed to become slightly cloudy. The reaction was 
then quenched by the addition of 6 mL of IN HCI. The mixture was transferred to a separatory funnel where it was 
washed twice with 20 mL of 1 N HCI followed by washing with 10 mL of a saturated brine solution. The organic solution 

55 was dried over Na2S04, and evaporated to a reddish-brown, gummy solid. Chromatography on flash silica gel using 
2:1 ethyl acetate/hexanes afforded 0.71 g (78%) of the title compound. About 5% of the styrene from elimination of the 
bromine was present as a contamiment. A mixture of hydrazone double bond isomers and amide rotomers was observed 
which complicated the ^H NMR spectrum. ^H NMR (CDCI3) 1.39, and 1 .44, and 1.58, and 1.65 (d, 3, J - 6), 2.48 (s, 3), 
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2-50-2-85 (m, 2), 3.85-4-15 (m, 1), 6-09 (s, 1). 6-11 (s, 1), 6.55 (s, 1), 6.94(s, 1). 7.73 and 7.80 (d. 2, J=9 ) , 8.19, and 
8-20 (d, 2, J = 9), 8.37, and 8.45 (s. 1). MSCFD^jM^^^ 450 observed for CigHiaNgOsBr. 

ExampI 27 

5 

Synthesis of 7-acetvl-8.9-dihvdro-8-methvi-5- (4-nitrophenvl)-7H-1 .3-dioxolo[4.5-Hl f2,31-benzodiazepine 

0.100 g (0.22 mmol) of the Example 26 intermediate was dissolved in 2 mL of dry THF and cooled to O'C in an ice 
water bath under a blanket of nitrogen. 0.018 g (0.22 mmol) of lithium t- butoxide was then added. The mixture was 
stirred at 0^*0 for 2 h during which time the progress of the reaction was monitored via HPLC. Since HPLC revealed that 

10 approximately 10% of product had formed and a substantial amount of starting material still remained, the flask was 
capped with a glass stopper and placed in a freezer at -35'*C for 3 days. After an additional 8 h at room temperature. 
HPLC indicated 1 6% desired product. The reaction mixture was quenched with 1 mL of a 50% saturated aqueous NH4CI 
solution and transferred to a separatory funnel with lOmL of CH2CI2. The mixture was washed twice with 10 mL of 1 N 
HCI followed by 10mL of a saturated brine solution. The organic solution was dried over Na2S04, and evaporated to a 

?5 yellow-brown gummy solid. Yield 0.05 grams. The desired product was formed in about 15% yield as judged by com- 
parison of the NMR spectrum and HPLC trace with those of authentic product. The major product resulted from 
elimination to the corresponding styrene derivative. 
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Example 28 



Alternative synthesis of (S)-a-methvl-T 3-benzodioxole-5-ethanol 

To a suspension of magnesium turnings (17 g) in 50 mL tetrahydrofuran was added dropwise a solution of 5-bro- 
mo-1,3-benzodioxole (93.6 g). After complete addition, the mixture was diluted with 250 mL tetrahydrofuran and the 
resulting mixture was stirred overnight. 1 3 mL of the solution (0.78 M) was transferred to a round bottom flask containing 

25 copper(l) iodide (0.12 g). The resulting mixture was cooled to -50 °C and a solution of (S)-(-)-propylene oxide in 3 mL 
tetrahydrofuran was slowly added then stirred 10 min. The mixture was diluted with ether. The isolated organic phase 
was washed with water and brine. The aqueous wash was extracted with ether (2x) and the combined organic solutions 
were dried over magnesium sulfate, filtered and concentrated. The residue was purified by silica gel chromatography 
(50% ether in pentane) to give 1 .66 g of the desired product (91%). Chiral HPLC analysis indicated that the optical purity 

30 of the material was 98.3%. 

Example 29 

Synthesis of fR)-7-acetvl-8.9-dihvdro-8-methvl-5-(4-nitrophenvl)-7H-T3-dioxolof4,5-hl [2,31benzodiazepine 
35 To a suspension of the Example 7 intermediate (1 .53 g) in 60 mL toluene was added 10 mL 1 N sodium hydroxide 

and tetrabutylammonium bromide (0.053 g). The resulting mixture was stirred vigorously for 72 h. The mixture was 
washed with brine and the organic phase was dried over magnesium sulfate, filtered and concentrated by rotary evap- 
oration. The residue was dissolved in ethanol and concentrated to dryness to give 1 .05 of the title compound (86%). 
HPLC analysis indicated that <0.5% of the corresponding elimination product was generated. 

40 

Claims 

1 . A process for preparing a compound having the general formula; 

45 




wherein R is hydrogen or a C^-C^o 3'*^y'^ 
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X is hydrogen, Ci-C^q alkyi, acyL aryl, carboxyl or a substituted derivative thereof, or a protecting group, or a 
pharmaceutically acceptable salt thereof, said process comprising cyclising a compound having the general formula 




(VIII ) 

wherein Z represents a leaving atom or group, to afford a compound having the general formula I, whereafter if 
desired, converting the compound of formula 1 into another compound of formula I and/or forming a pharmaceutically 
acceptable salt. 

A process as claimed in Claim 1 , for preparing a compound having the general formula I in which Aryl represents 
p-aminophenyl, which comprises cyclising a compound having the general formula VI!! in which Aryl represents 
p-nitrophenyl, p-aminophenyl or p-(protected amino)pheny!, whereafter, if necessary, 

(a) reducing a p-nitrophenyl group to afford a p-aminopheny! group, or 

(b) deprotecting a p-(protected amino)phenyl group to afford a p-aminophenyl group. 

A process as claimed in Claim 2 for preparing a compound having the general formula I in which R is methyl and 
X represents hydrogen, formyl, acetyl, propionyl or N-methylcarbamoyI or a pharmaceutically acceptable salt 
thereof, which comprises cyclising a compound having the general formula VII! in which R is methyl, X is hydrogen, 
formyl, acetyl, propionyl, N-methylcarbamoyI or a protecting group and Aryl is p-nitrophenyl, p-aminophenyl or p- 
(protected amino)phenyl, whereafter if necessary; 

(a) reducing a p-nitrophenyl group to afford a p-aminophenyl group; 

(b) deprotecting a p-(protected amino)phenyl group to afford a p-aminophenyl group; 

(c) removing a protecting group represented by X to afford a compound of formula I in which X is hydrogen; 
and/or 

(d) acylating a compound of formula I in which X is hydrogen to afford a compound of formula I in which X is 
formyl, acetyl, propionyl or N-methylcarbamoyI; and, if desired, forming a pharmaceutically acceptable salt. 

A process as claimed in any one of Claims 1 to 3, in which z represents a halogen atom or an organosulfonyloxy 
group, and the cyclisation is performed in the presence of a base. 

A process as claimed in Claim 4, in which Z represents C1-C4 alkanesulfonyloxy, trifluoromethane-sulfonyloxy or 
phenylsulfonyloxy in which the phenyl group is unsubstituted or substituted by one or two substituents selected 
independently from C^-G4 alkyi, C^-C4 alkoxy, halogen, nitro and halo C^-C4 alkyl. 

A process as claimed in Claim 5 in which the base is selected from alkali metal hydroxides, alkali metal carbonates, 
alkali metal hydrides and alkali meta! alkoxides. 

A process as claimed in any one of Claims 1 to 6, in which the cyclisation is performed at a temperature in the range 
of from -30 to 100°C. 

A process as claimed in Claim 3, in which the compound of formula VIII in which Z represents a leaving atom or 
group is generated in situ from a corresponding compound of general formula VIII in which Z represent hydroxy! 
by reaction with a triarylphosphine in the presence of an azodicarboxylate ester 
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9. A process as claimed in Claim 8, in which the triarylphosphine is triphenylphosphine and the azodicarboxylate ester 
is diethyl azodicarboxylate. 

10. A process as claimed in Claim 8 or 9, in which the cyclisation is performed at a temperature in the range of from 
5 -30tol00'*C. 
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11. A compound of the general formula 




Aryl 



MHX 



(VIII ) 

wherein 

20 R is hydrogen or a C^ -Ci q alkyi; 

X is hydrogen, C-,-Cio alkyI, acyL aryt, carboxyl or a substituted derivative thereof, or a protecting group; and 
2 is a hydroxyl group or a leaving atom or group, or a salt thereof. 

12. A compound as claimed in Claim 11, wherein Aryl represents p-nitrophenyl, p-aminophenyl or p-(protected amino) 
25 phenyl, or a salt thereof. 

13. A compound as claimed in Claim 12, in which Z is hydroxy, X represents hydrogen, formyl, acetyl, propionyl or 
N-methylcarbamoyI and Aryl represents p-nitrophenyl or p-aminophenyl. 

30 14. A compound as claimed in Claim 13, in which X represents acetyl and Aryl represents p-nitrophenyt. 

15, A compound as claimed in Claim 11, in which R is methyl, Z is a halogen atom, a Ci-C4 alkanesulfonyloxy, trifluor- 
omethanesulfonyloxy or a phenylsulfonyloxy group in which the phenyl group is unsubstituted or substituted by one 
or two substituents selected independently from C^-C4 alkyI, C-,-C4 alkoxy, halogen, nitro and halo C-|-C4-alkyl; X 
35 represents hydrogen, formyl, acetyl, propionyl or N-methylcarbamoyI and Aryl represents p-nitrophenyl or p-ami- 

nophenyl. 
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16. A compound as claimed in Claim 15, in which Z is methanesulfonyloxy, X represents acetyl and Aryl represents 
p-nitrophenyl. 

17. A process for preparing a compound having the general formula: 




• Aryl 
(I) 

wherein R is hydrogen or C^-C^q alkyI; and 

X is hydrogen, C-,-Ci(jalkyL acyl, aryl or carboxyl, or a substituted derivative thereof; said process comprising 
the steps of: 

a) providing a quantity of a compound having the formula: 
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(II ) 



b) asymmetrically reducing the compound of formula II to yield a compound having the formula: 



OH 
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III) 



c) reacting the compound of formula III with an arylaldehyde compound of formula Aryl.CHO to yield an iso- 
chroman compound having the formula; 




Aryl 



(IV) 



d) reacting the compound of formula IV with an oxidizing agent to yield a compound of the formula: 




50 



e) reacting the compound of formula V with a hydrazide derivative of formula H2NNHX to yield a compound of 
the formula: 



55 
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(VI) 



and 

f) reacting the compound of formuta Vl with a (i) sulfonyt halide reagent and a base, to form an intermediate 
sulfonate; or (ii) by direct Mitsunobu cyclization to yield the compound of formula t. 

18. A compound having the general formula: 




wherein R is hydrogen or C^-C-iq alkyl. 

19, A compound as claimed in Claim 18 in which R represents methyl and Aryl represents 4-nitrophenyl or 4-aminophe- 
nyl. 

20. A compound as claimed in Claim 19, in which Aryl represents 4-nitrophenyl. 



21 



EP 0 699 677 A1 




Kuropcan Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 30 6051 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D,A 
P. A 
A 



CttBtion of document with indication, where ;»ppropriate, 
of rctevant passages 



EP-A-0 492 485 (GYOGYSZERKUTATO) 

* claim 4 ^ 

WO-A-95 01357 (GYOGYSZERKUTATO) 

* claim 4 * 

GAZZETTA CHIMICA ITALIANA. 
vol.114, no. 3-4, 1984 
pages 103 - 106 
F. GATTA ET AL 'Oxidation of 

1- aryl-6,7-dimethoxyi sochromans with 
chromium(VI)oxide in acetic acid: A new 
synthetic pathway to 

2- aroy 1 -4 , 5-di methoxybenzal dehyde s and 
2-acetyl-4,5-dimethoxybenzophenones ' 

* page 103; examples 6b, d * 

CHEMICAL ABSTRACTS, vol. 105, no. 25, 
22 December 1986, Columbus, Ohio, US; 
abstract no. 226357v, 

jT. LANG ET AL 'Isochromane derivatives' 

j page 770 ; 

* abstract * 

& HU-A-37 778 (GYOGYSZERKUTATO) 

BIOORGANIC & MEDICINAL CHEMISTRY LETTERS, 
vol.3, no. 10, 1993 
pages 1991 - 1992 

B. L. CHENARO ET AL 'A short synthesis of 
GYKI 52466' 

* page 1991 * 



Relevant 
to ciaim 



CLASSIFICATION OF THE 
APPI JCATION ant.CL6) 



1,17 
1,17 
17,18 



17 



1,17 



C07D491/056 

C07D493/04 

C07D317/58 

A61K31/55 

//(C07D491/056, 

317:00, 

243:00), 

(C07D493/04, 

317:00,311:00) 



TKCHNICAL FIELDS 
SKARCHED aot.CI.6) 



C07D 
A61K 



The present search report has been drawn up for all claims 



THE HAGUE 



Dtic of CDBVletloa mf (he le vcb 

8 December 1995 



Voyiazoglou, 0 



CATEGORY OF CITED DOCt)ME^TS 

X : parti cularty relevant if taken alone 

Y : partioilvty relevant if combined with anotho' 

documeni of the sane catcK^ry 
A : technoloftical background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document dted in the application 
L : document dted for other reasons 

& : member of the same patent family* correspoDding 
document 



22 



